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Motor Control Exercise for Persistent,
Nonspecific Low Back Pain:
A Systematic Review

Luciana G Macedo, Christopher G Maher, Jane Latimer, James H McAuley

Background. Previous systematic reviews have concluded that the effectiveness
of motor control exercise for persistent low back pain has not been clearly
established.

Objective. The objective of this study was to systematically review randomized
controlled trials evaluating the effectiveness of motor control exercises for persistent
low back pain.

Methods. Electronic databases were searched to June 2008. Pain, disability, and
quality-of-life outcomes were extracted and converted to a common 0 to 100 scale.
Where possible, trials were pooled using Revman 4.2.

Results. Fourteen trials were included. Seven trials compared motor control ex-
ercise with minimal intervention or evaluated it as a supplement to another treat-
ment. Four trials compared motor control exercise with manual therapy. Five trials
compared motor control exercise with another form of exercise. One trial compared
motor control exercise with lumbar fusion surgery. The pooling revealed that motor
control exercise was better than minimal intervention in reducing pain at short-term
follow-up (weighted mean difference=—14.3 points, 95% confidence interval
[CI]=—20.4 to —8.1), at intermediate follow-up (weighted mean difference=—13.6
points, 95% CI=—22.4 to —4.1), and at long-term follow-up (weighted mean differ-
ence=—14.4 points, 95% CI=—23.1 to —5.7) and in reducing disability at long-term
follow-up (weighted mean difference=—10.8 points, 95% CI=—18.7 to —2.8). Motor
control exercise was better than manual therapy for pain (weighted mean differ-
ence=—5.7 points, 95% CI=—10.7 to —0.8), disability (weighted mean differ-
ence=—4.0 points, 95% CI=—7.6 to —0.4), and quality-of-life outcomes (weighted
mean difference=—6.0 points, 95% CI=—11.2 to —0.8) at intermediate follow-up
and better than other forms of exercise in reducing disability at short-term follow-up
(weighted mean difference=—5.1 points, 95% CI=—8.7 to —1.4).

Conclusions. Motor control exercise is superior to minimal intervention and
confers benefit when added to another therapy for pain at all time points and for
disability at long-term follow-up. Motor control exercise is not more effective than
manual therapy or other forms of exercise.
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Motor Control Exercise for Persistent, Nonspecific LBP

ow back pain (LBP) is one of the

main causes of disability, and,

despite its high prevalence, the
source of pain is not established in
the majority of cases and the term
“nonspecific low back pain” is
used.!-4 One factor that has been
proposed as important in the genesis
and persistence of nonspecific LBP is
stability and control of the spine.*
Studies of individuals with LBP have
identified impairments in the control
of the deep trunk muscles (eg, trans-
versus abdominis and multifidus) re-
sponsible for maintaining the stabil-
ity of the spine.>-8 For example,
activity of the transversus abdominis
muscles® and the multifidus muscles”
is delayed during arm movements
(that challenge the stability of the
spine) in individuals with LBP. Fur-
thermore, there is evidence of de-
creased cross-sectional area'® and
increased fatiguability!! and a sug-
gestion of increased intramuscular
fat in the paraspinal muscles of indi-
viduals with LBP.'2 Therefore, theo-
retically, an intervention that aims to
correct the changes occurring in the
deep trunk muscles and that targets
the restoration of control and coor-
dination of these muscles should be
effective in the management of per-
sistent LBP.

Motor control exercise was devel-
oped based on the principle that in-
dividuals with LBP have a lack of
control of the trunk muscles. The
idea is to use a motor learning ap-
proach to retrain the optimal control
and coordination of the spine. The
intervention involves the training of
preactivation of the deep trunk mus-
cles, with progression toward more
complex static, dynamic, and func-
tional tasks integrating the activation
of deep and global trunk muscles.!3-14

Although a number of laboratory
studies supporting the underlying
mechanism of action of motor con-
trol exercises have been published in
the last decades,>-15 the clinical ef-

fectiveness of motor control exer-
cise for persistent LBP is still un-
clear.>15 Three systematic reviews
of motor control exercise have been
published'¢-18; however, the authors
of these reviews searched the litera-
ture only up until October 2005.
Hauggaard and Persson,'” the au-
thors of the latest published review,
included 10 trials testing the efficacy
of motor control for acute, subacute,
and chronic LBP. The review used a
simple descriptive approach to sum-
marize the results of each individual
trial. Rackwitz et al'® summarized
the results of 7 randomized con-
trolled trials of acute, subacute, and
chronic LBP, and although they used
a better approach to summarize the
available evidence, no meta-
analytical analysis with pooling of
the data was used. Ferreira et al'¢
summarized the results of 13 ran-
domized controlled trials of recur-
rent, acute, subacute, and chronic
LBP and cervical pain. This review
was the only one that included a
meta-analytical approach; however,
only a few trials were pooled, limit-
ing the generalization of the re-
sults. A meta-analytical approach is
superior to the other forms of analy-
sis for systematic reviews because it
provides a treatment effect size with
95% confidence interval (CD).

Consistent with the Cochrane Col-
laboration,'® we felt that an updated
review incorporating new random-
ized controlled trials would make a
useful contribution to the literature.
In addition, a meta-analytical ap-
proach, which has not been widely
used in the previous published sys-
tematic reviews, can potentially add
useful information about the magni-
tude of the effect of motor control
exercises. Because our main interest
was to study persistent LBP and
guidelines suggest that persistent
and acute LBP should be considered
separately,'®-2! we included only tri-
als studying patients with LBP that
persisted beyond the acute phase.

The term “persistent low back pain”
is used to describe subacute,
chronic, and recurrent pain. Thus,
the objective of this study was to
systematically review randomized
controlled trials testing the effect of
motor control exercise in patients
with persistent, nonspecific LBP.

Method

Data Sources and Searches

A computerized electronic search
was performed to identify relevant
articles. The search was conducted
on MEDLINE (1950 to June 2008),
CINAHL (1982 to June 2008), AMED
(1985 to June 2008), PEDro (to June
2008), and EMBASE (1988 to June
2008). Key words relating to the do-
mains of randomized controlled tri-
als and back pain were used, as rec-
ommended by the Cochrane Back
Review Group.'® Terms for motor
control and specific stabilization
exercises were extracted from the
review by Ferreira etal.!® Subject
subheadings and word truncations,
according to each database, were

used. There was no language
restriction.
One reviewer (LGM) screened

search results for potentially eligible
studies, and 2 reviewers (LGM,
CGM) independently reviewed arti-
cles for eligibility. A third indepen-
dent reviewer (JL) resolved any dis-
agreement about inclusion of trials.
Authors were contacted if more in-
formation about the trial was needed
to allow inclusion of the study. Re-
searchers who published in the area
were contacted to help identify gray
literature and articles in press. Cita-
tion tracking was performed using
ISI Web of Science, and a manual
search of the reference lists of previ-
ous reviews and the eligible trials
was performed.

Study Selection

The reviewers followed a research
protocol, developed prior to the be-
ginning of the review, that included
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a checklist for inclusion criteria. Ar-
ticles were eligible for inclusion
if they were randomized or quasi-
randomized controlled trials compar-
ing motor control exercise with a
placebo treatment, no treatment, or
another active treatment or when
motor control exercise was added as
a supplement to other interventions.
When motor control exercise was
used in addition to other treatments,
motor control exercises had to rep-
resent at least 40% of the total treat-
ment program. This criterion was
judged by reading the description of
the treatment with the reviewer
making a global yes/no judgment.

Trials were considered to have eval-
uated motor control exercise if the
exercise treatment was described as
motor control or specific spinal sta-
bilization or core stability exercise
and where the protocol described
exercise targeting specific trunk
muscles in order to improve control
and coordination of the spine and
pelvis.

Randomized or quasi-randomized
controlled trials were included if
they explicitly reported that a crite-
rion for entry was nonspecific LBP
(with or without leg pain) of at least
6 weeks’ duration (nonacute LBP) or
recurrent LBP. Studies evaluating in-
dividuals of all age groups of either
sex were included. Trials were in-
cluded if one of the following out-
come measures had been reported:
pain, disability, quality of life, return
to work, or recurrence.

Data Extraction and Quality
Assessment

The methodological quality of the tri-
als was assessed using the PEDro
scale,??2 with scores extracted from
the PEDro database. Assessment of
quality of trials in the PEDro database
was performed by 2 trained inde-
pendent raters, and disagreements
were resolved by a third rater.?3 One
study?* was extracted from a confer-

ence proceeding, and, therefore, the
PEDro score was not available in
the database. However, 2 PEDro rat-
ers evaluated the information avail-
able in the abstract and in an initial
version of a manuscript, and a PEDro
score was given. Methodological
quality was not an inclusion
criterion.

Three independent reviewers (LGM,
CGM, JL) extracted data from each
included study using a standardized
extraction form. Mean scores, stan-
dard deviations, and sample sizes
were extracted from the studies.
When this information was not pro-
vided in the trial, the values were
calculated or estimated using meth-
ods recommended in the Cochrane
Handbook for Systematic Reviews
of Interventions.?> When there was
insufficient information about out-
comes to allow data analysis, the au-
thors of the study were contacted,
and all authors replied to our
inquiries.2426-28

Outcomes were extracted for pain

and  disability for  short-term
follow-up (less than 3 months
after randomization), intermediate

follow-up (at least 3 months but less
than 12 months after randomiza-
tion), and long-term follow-up (12
months or more after randomiza-
tion). When there were multiple
time points that fell within the same
category, the one that was closer to
the end of the treatment for the
short-term follow-up, closer to 6
months for the intermediate follow-
up, and closer to 12 months for the
long-term follow-up was used. These
references for time points were
based on guidelines from the Coch-
rane Back Review Group. Scores for
pain and disability were converted to
a 0 to 100 scale.?®

Data Synthesis and Analysis

The studies were grouped into 4
treatment contrasts: (1) motor con-
trol versus minimal intervention (no

intervention, general practitioner
care, education) or motor control as
a supplement, (2) motor control ver-
sus spinal manipulative therapy, (3)
motor control versus exercise, and
(49 motor control versus surgery
(lumbar fusion). Results were pooled
when trials were considered suffi-
ciently homogenous with respect to
participant characteristics, interven-
tions, and outcomes. I* was calcu-
lated using RevMan 4.2* to analyze
statistical heterogeneity. I? describes
the percentage of the variability in
effect estimates that is due to heter-
ogeneity rather than sampling error
(chance). A value greater than 50%
may be considered substantial heter-
ogeneity.?> When trials were statisti-
cally homogeneous  (I°<50%),
pooled effects (weighted mean dif-
ference) were calculated using a
fixed-effect model. When trials were
statistically heterogeneous I*>50%)
pooled estimates of effect (weighted
mean difference) were obtained us-
ing a random-effects model.?2> When
there was a single trial for the com-
parison, results were expressed as
mean differences and 95% CI.

Results

Study Selection

The initial electronic database search
resulted in a total of 1,052 articles.
Of these, 42 were selected as poten-
tially eligible based on their title and
abstract. Through a Web of Science
search of these articles, 3 other po-
tentially eligible articles were identi-
fied. A total of 45 potentially eligible
articles were considered for inclu-
sion, with only 14 eligible for inclu-
sion in this review (Fig. 1). Reasons
for exclusion are shown in Figure 1
for those articles?3-15.30-57 that were
excluded from this review. Only 1 of
the 26 experts contacted sent infor-
mation to us on a new trial for
inclusion.

* Copenhagen, Denmark: The Nordic Coch-
rane Centre, The Cochrane Collaboration,
2003.
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/ Database Searches: June 30, 2008 \

AMED - 132
CINAHL - 209
EMBASE - 109
MEDLINE - 299
PEDro - 825
Hand search - 11
K Total after removing duplicates - 1,052/

42 potentially eligible after excluding

duplicates

Web of Science search

]7

3 potentially eligible

( 45 potentially eligible J

/

Reasons for exclusion:

14 did not use motor control exercises,
were not an RCT, “#8 4 were secondary analysis
of another trial,>>*%° 4 included patients with
acute low back pain,
exercises as part of a big intervention
package,*>* 2 used motor control exercise

Qterventions administered to both group556'57/

\

30-43 5

15,51-53 2 used motor control

Figure 1.

( 14 included in review ]

Flow chart of systematic review inclusion and exclusion. RCT=randomized controlled trial.

A number of randomized controlled
trials that were included in previous
systematic reviews of motor control
exercises were not included in this
review. Reasons for exclusion in-
cluded: patients had acute but not
persistent back pain,!551.53 patients
had neck pain and headache but not
back pain,>® the trial did not use a
motor control intervention accord-
ing to our review definition,>¢ and

the trial did not have the outcomes
of interest.>*%° Four new tri-
als13.24.26,61 that were not included in
any of the previously published re-
views were included in this review,
accounting for the addition of 560
patients.

Methodological Quality
The methodological quality assess-
ment using the PEDro scale revealed

a mean score of 6 (range=2-8).
Blinding of the therapist and blind-
ing of the subject were not used in
any of the trials, as would be ex-
pected for an exercise therapy study.
An intention-to-treat analysis was
used in 36% of the trials, and alloca-
tion concealment was present in
58% of the trials. One of the articles?4
included in the review was from a
conference proceeding, and, there-
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fore, not much information on the
conduct of the trial was available.
With the limited information avail-
able, this trial received a score of 2
on the PEDro scale and was the only
trial that was a quasi-randomized
controlled trial.2#

Study Characteristics

The 14 randomized controlled trials
included in this review compared
motor control exercise against an-
other treatment or against no treat-
ment (Tabs. 1 and 2). No placebo-
controlled trials were identified.
Trials were grouped into 4 treatment
contrasts: (1) motor control exercise
versus minimal intervention or mo-
tor control exercise as a supplement,
(2) motor control exercise versus
manual therapy, (3) motor control
exercise versus other forms of exer-
cise, and (4) motor control exercise
versus surgery.

Seven trials (603 patients) were in-
cluded in the first treatment con-
trast: 4 trials (343 patients) that com-
pared motor control exercise with
minimal intervention (no interven-
tion, general practitioner care, or ed-
ucation)!427.:62.63 and 3 trials (260 pa-
tients) that used motor control
exercise as a supplement to other
treatment (general exercise or usual
physical therapy.?86465 Four trials
(523 patients) compared motor con-
trol exercise with manual therapy
(high- or low-velocity trust).!3.26,64,66
Five trials (508 patients) compared
motor control exercise with another
form of exercise therapy (pain man-
agement, general exercises, or the
McKenzie approach).!3,24.26.61.67 One
trial (61 patients) compared motor
control exercise with lumbar fusion
surgery.®® The characteristics of the
motor control exercise programs
that were evaluated in each trial are
provided in Table 2.

Motor Control Exercise Versus
Minimal Intervention or Motor
Control Exercise as a Supplement
Of the 7 studies included in this
treatment contrast, 4 compared mo-
tor control exercise with a minimal
intervention program (usual general
practitioner care or no interven-
tion)14.27.:62.63 and 3 compared motor
control exercise as a supplement to
another intervention versus this
other intervention alone.?864.65
Methodological quality of the articles
ranged from 4 to 8. Data for pain,
disability, and quality of life were
available for pooling at short-term,
intermediate, and long-term follow-
up. Data were pooled using a
random-effects model for all compar-
isons except for quality of life at in-
termediate and long-term follow-ups,
where a fixed-effects model was
used because I* was smaller than
50%.

The pooled results favored motor
control exercise for pain and disabil-
ity outcomes at each follow-up, with
4 of the 6 estimates of treatment
effect being statistically significant.
The random-effects model showed a
statistically significant decrease in
pain favoring motor control exercise
at shortterm follow-up (weighted

mean difference [on a 0-100
scale]=—14.3 points, 95%
CI=—20.4 to —8.1), intermediate

follow-up (weighted mean differ-
ence=13.6 points, 95% CI=—22.4 to
—4.1), and long-term follow-up
(weighted mean difference=—14.4
points, 95% CI=—23.1 to —5.7) and
in reducing disability at long-term
follow-up (weighted mean differ-
ence=—10.8 points, 95% CI=—18.7
to —2.8) (Fig. 2). There was no evi-
dence that motor control exercise
was effective for improving quality
of life.

Motor Control Exercise Versus
Manual Therapy

Four trials'3.26.64.66 compared motor
control exercise with manual ther-

apy, with pain and disability out-
comes measured at short-term, inter-
mediate, and long-term follow-ups
and quality of life measured at inter-
mediate and long-term follow-ups.
The methodological quality of the ar-
ticles ranged from 4 to 8. Because I°
was smaller than 50% for all time
points, a fixed-effects model was
used to pool the results. The pooled
effects for pain and disability out-
comes favored motor control exer-
cise, but the effects were always
small and reached statistical signifi-
cance for only 2 of the 6 estimates.
There was a significant difference be-
tween treatment groups favoring
motor control exercise for pain and
disability at intermediate follow-up
(weighted mean difference=—5.7
points, 95% CI=—10.7 to —0.8 for
pain and weighted mean differ-
ence=—4.0 points, 95% CI=—7.6 to
—0.4 for disability) (Fig. 3). The
pooled estimates of treatment effects
on quality of life were small, favoring
motor control exercise at short-term
follow-up and favoring manual ther-
apy at long-term follow-up.

Motor Control Exercise Versus
Other Forms of Exercise

Five trials!3:24.26,61,67 compared mo-
tor control exercise with another
form of exercise therapy. The meth-
odological quality of the trials ranged
from 2 to 8. The trial with a method-
ological quality score of 2 had its
PEDro score assessed from a confer-
ence proceeding and some informa-
tion given by the authors.?4 Results
were pooled for pain and disability
at short-term, intermediate, and long-
term follow-ups. Because I* was
greater than 50% for pain at short-
term follow-up and for disability at
long-term follow-up, pooled effects
for these time points were calculated
using a random-effects model. All
other pooled effects were calculated
using a fixed-effects model. All esti-
mates of treatment effect were small.
Five of the 6 estimates favored motor
control exercise; however, only one
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Figure 2.
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Favors Motor Control Exercises

o ——IT

20 40
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Forest plot of the results of randomized controlled trials comparing motor control exercises with minimal intervention or motor
control exercises as a supplement. Values presented are effect size (weighted mean difference) and 95% confidence interval. The
pooled effect sizes were calculated using a random-effects model except for quality of life at intermediate and long-term follow-ups.

January 2009

Vi

olume 89 Number 1 Physical Therapy M

19



Motor Control Exercise for Persistent, Nonspecific LBP
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Figure 3.

Forest plot of the results of randomized controlled trials comparing motor control exercises with spinal manipulative therapy. Values
represent effect size (weighted mean difference) and 95% confidence interval. The pooled effect size was calculated using a
fixed-effect model.
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Figure 4.

Favors Motor Control Exercises

20 40

Favors Other Forms of Exercise

Forest plot of the results of randomized controlled trials comparing motor control exercises with other forms of exercise. Values
represent effect size (weighted mean difference) and 95% confidence interval. The pooled effect size was calculated using a
random-effects model for pain at short-term follow-up and for disability at long-term follow-up and using a fixed-effect model for

all other comparisons.

effect was statistically significant.
The results showed that motor con-
trol exercise was better than other
forms of exercises only for reduc-
ing disability at short-term follow-up
(weighted mean difference=—5.1
points, 95% CI=—8.7 to 1.4) (Fig. 4).
The results of a single trial2® showed
no difference between treatment
groups for quality of life at short-
term follow-up.

Motor Control Exercise Versus
Surgery

Only one study®® compared motor
control exercise with surgery, with a
methodological quality score of 8.
Surgery consisted of lumbar fusion
with transpedicular screws of the
L4-L5 segments or the L5-S1 seg-
ments. Brox et al®® found no statisti-
cally significant differences for pain
(mean difference [on a 0-100
scale]=—9 points, 95% CI=—22.1 to
3.5), disability (mean difference=

—3.3 points, 95% CI=—12.8 to 6.2),
and quality of life (mean difference=
0.4 points, 95% CI=—1.6 to 0.8) at
the long-term follow-up (Fig. 5).

Discussion

This systematic review provides evi-
dence that motor control exercise,
alone or as a supplement to another
therapy, is effective in reducing pain
and disability in patients with persis-
tent, nonspecific LBP. We did not
find convincing evidence that motor
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Brox et al*® (2003)

Pain long term (>12 mo) f !

Disability long term
Quality of life long term

Figure 5.

-9.0 (-22.1, 3.5)

R N -3.3(-12.8,6.2)
Hed 0.4 (-1.6, 0.8)
-40 -20 0 20 40

Favors Motor Control

Favors Surgery

Forest plot of the results of a randomized controlled trials comparing motor control exercises with surgery. Values represent mean

difference and 95% confidence interval.

control exercise was superior to
manual therapy, other forms of exer-
cise, or surgery.

Figure 2 shows that there was some
variation among studies in the effect
sizes for motor control exercise. Fea-
tures that could influence the treat-
ment effect sizes are characteristics
of the patients (eg, symptom dura-
tion), characteristics of treatment im-
plementation (eg, program duration,
experience of the therapist), and the
methodological quality of the trial.
Unfortunately, there are too few tri-
als to systematically evaluate the ef-
fects of these features using tech-
niques such as meta-regression.

An intriguing finding of this review
was that motor control exercise was
as effective in reducing pain and in-
creasing quality of life as a less-
complex form of exercise therapy
that did not incorporate the retrain-
ing of specific muscles that often is
time consuming to therapists and pa-
tients. When taking in consideration
the results for disability, motor con-
trol exercise was more effective than
other forms of exercise only at short-
term follow-up, but the point esti-
mate was small (5.1 out of 100),
showing differences between inter-
ventions that may not be clinically
important.

The results of a single trial®® showed
that motor control exercise was not
more effective than surgery. This
finding is interesting because both
interventions target the restoration

of spinal stability, and although spi-
nal stability was not directly mea-
sured, the findings suggest that the
motor control approach is as effec-
tive in maintaining stability as an in-
vasive intervention that creates sta-
bility by fusing the spine. However,
this was the finding of a single trial,
and more research is needed to con-
firm the results.

Although a motor control interven-
tion has been shown to reduce pain,
it is still unknown whether these
changes are accompanied by im-
provements in measures of motor
control. Tsao and Hodges®® have
shown improvements in motor con-
trol (anticipatory contraction of the
transversus abdominis muscle during
arm movement) after a single treat-
ment session where the isolation of
the transversus abdominis muscle
was trained. In a different trial, Hall
and colleagues’® did not find that
motor control (anticipatory contrac-
tion of the transversus abdominis
muscle during arm movement and a
walking task) changed after training
the trunk muscles in a nonisolated
manner. Therefore, the results of
these 2 studies support the princi-
ples of a motor control intervention
where the isolated training of the
deep trunk muscles is emphasized.
However, there has not been a pub-
lished randomized controlled trial
that used clinical and physiological
measures to detect improvements in
motor control that can be associated
with improvements in pain and dis-

ability and the maintenance of these
changes.

One question that is still to be an-
swered is whether individuals with
reduced motor control respond best
to this intervention or whether there
are other clinical features that can be
used to define a subgroup of patients
who will respond best to this type of
intervention.

A standard protocol and definitions
for motor control exercise are yet to
be established, and this is reflected
in the wide variation among trials in
how the exercise was named and
implemented (Tab. 2). Although in
most cases O’Sullivan et al'4 and Ri-
chardson et al”! were cited as refer-
ences, it is apparent from inspection
of the articles that the interventions
in the trials were quite heteroge-
neous. There was variation in the
duration of the exercise program,
progression rule, use of home exer-
cise programs, and type of feedback
used with the motor control inter-
vention. As an illustration, the pro-
gram lasted 10 weeks in the trial by
O’Sullivan et al, whereas the pro-
gram lasted 18 to 20 weeks in the
trial by Stuge et al.?® In the trial by
Ferreira et al,'3 ultrasound was used
for feedback, and Stuge et al?® used
Terapi Master exercise equipment?:
2 elements missing from the trial by
O’Sullivan and colleagues.

T Nordisk Terapi A/S, Kilsund 4290, Staubo,
Norway.
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Detailed comparison among trials is
difficult because in many trials the
authors did not thoroughly describe
the motor control intervention that
was evaluated. Accordingly, al-
though we can conclude from this
review that motor control exercise is
an effective treatment for persistent
LBP, the optimal way to implement
this intervention is not yet clear.

When looking at the quality of the
trials included in this review, a mean
score of 6 can be considered a high
score because these trials were exer-
cise trials where it is impossible to
blind the treatment provider and
subjects, and, therefore, the maxi-
mum PEDro score that can be
achieved is 8. However, because
some trials were of lower method-
ological quality, they potentially
present biased (and overly optimis-
tic) estimates of treatment effects.
To assess the impact of the lower-
quality studies on the review conclu-
sions, a sensitivity analysis with ex-
clusion of trials with scores lower
than 5244 was performed. When the
lower-quality studies were deleted,
the effect size unexpectedly in-
creased slightly for pain and disabil-
ity outcomes (we did not conduct a
sensitivity analysis for quality of life
because the exclusion of these trials
would leave only one trial in the
treatment contrast). Therefore, we
do not believe that our conclusion
that motor control exercise is effec-
tive (compared with minimal inter-
vention or when used as a supple-
ment) is an artifact of the inclusion
of low-quality trials.

This review not only includes 4 new
trials that were not included in pre-
vious reviews, accounting for the
addition of 560 patients, but also al-
lowed the use of a meta-analytical
approach with the inclusion of a
greater number of articles into each
treatment contrast. The pooled re-
sults of this systematic review
showed smaller and more-precise es-

timates of treatment effects when
compared with the pooled results of
Ferreira etal.’® This difference
among studies can be seen when
looking, for example, at the motor
control exercise versus minimal in-
tervention contrast. For this con-
trast, Ferreira et al'3 included 2 trials
and found an effect of —21 ona 0 to
100 scale (95% CI=—32 to —9) for
pain, whereas we found, based on 5
trials, an effect of —14.3 (95%
CI=—-20.4 to —8.1).

Although it has been only recently
that reviews of motor control exer-
cises have been published, this type
of intervention is widely accepted
and used in the clinical field around
the world. Therefore, it is still crucial
that further studies in the area be
developed, such as a placebo-
controlled trial and trials aiming to
identify subgroups of patients who
will benefit more from a motor con-
trol intervention. More fundamental
studies in LBP to establish reliable
and valid clinical assessment tools to
identify deficits in motor control also
are needed.

Conclusion

The results of this systematic review
suggest that motor control exercise
is more effective than minimal inter-
vention and adds benefit to another
form of intervention in reducing
pain and disability for people with
persistent LBP. The optimal imple-
mentation of motor control exercise
at present is unclear. Future trials
evaluating issues such as dosage pa-
rameters, feedback approaches, and
effects in defined subgroups are a
high priority.
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